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(54) SEMICONDUCTOR DEVICE 
AND ITS MANUFACTURE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
highly integrated semiconductor device 
which prevents the deterioration of 
ferroelectrics and a high dielectric constant 
material due to reducing atmosphere, 
without the prevention of the securing of 
characteristics by hydrogen annealing. 

SOLUTION: In the structure of this 
semiconductor device, an element isolating 
oxide film 2, an inter-layer insulated film 6, 
a hydrogen barrier film 7. a lower electrode 
8, a capacity insulated film 9, an upper 
electrode 10. hydrogen barrier films 11, 12, 
an inter-layer insulated film 13 and a wiring 
layer 14 are formed in this order on a 
silicon substrate, a capacity part consisting 
of the electrode 8, the film (dielectric) 9 
and the electrode 10 is completely covered 
with the barriers 7, 1 1 and 12, and a gate 
electrode 5 is formed on a gate oxide film 4 
between impurity spreading regions 3 at the 
substrate. Since only the capacitor part is 
covered completely with the films 7. 11 and 
12 here, the deterioration of ferroelectrics 
and a high dielectric constant material due 
to reducing atmosphere are prevented and 
securing of characteristics is not prevented 
by hydrogen annealing. 
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[»3RW 1 ] SI »J TlLhJCTOT*, 

fc. Buga±^@±<Dmria^3 0[>7>:*Mi;rlS^:l^*b 



^a^^^^jKja-r&xaiistfCiiwatira^ 

[000 1) 
[0 00 2] 

(Zr, Ti) O, ^SrBi, Ta, O s ^CD t X f~ 

S*3RTW*W-T 4^*14^* y^. (Sr. Ba) 
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[0 00 3 ] C^L/c^ftSSfitCffll^tiSPb (Z 
r, Ti) 0 3 ^(Sr, Ba) TiO, ^<DBfS* 

[0 0 0 4] it 5#7WR*£A,ft:#lB««\ LSI? 

6ft£S i O, H«ii«CVD^CcJ:0«fiESti4^. 
-tORfcttS iH 4 +0 2 — S i 0 2 + 2 H 2 -tm>3 

btc^ e x % *#©»Mffc«m>. t*^* hit©* 
*ft=i>*^h • *-Jl/©a26ii*0CttW<DCVD*«J£ 
<ffiC»6nrt»5^ W©flclB{C»2WF» +3SiH 
* - > 2W+3SiH 4 +6H, "C*toS*l*Slt3Wfflt» 

Mfc. A H5»?BJ5RatCMOS h^>^X 

[0 005] CQJ: 9 &**KJ:£R«*gfi©3Mfc& 

- 1 0 2 3 6 7^«tCM^3nft:*i»#«g©»^. 
T i NIX«T i ON«*#JR*!/Till 7iUtgi 

mi 2<omm (^©-w^ii^mgsit 
&> rat, 5/y3>»*i±fc*^i«Mt«2. «n 

*£e§l6 , TSPm^ 8 . SSIfilM 9 . ±SI5m© 1 0 , 

unteiMi i 3 , 1 4 , jin&irk 1 6 . 

m^VTmil&CCDMT&l&Stl. y =J >S« 1 <Z> 
W«JfiE»«i«3«l©y- UMb«4±«:y- hH@5 

[ 0 0 0 6 ] X, «fBB^P7 - 1 1 1 3 1 8#££RCCH** 

3 n« r«i 1 £lts«<d±«hbi o± 

tCRW-CfcO, HI 4tC^T1f£ (tt*0*ltt<Cflfc«4£ 
aSttSBBir*) ©fe'OrttS i,N ( **JR^yT« 
1 2 <h LT§R^-±ffitCR#"Cl>£ e B#(C, 0 1 3<om 

116, T8MBS8, $SttKR9. JdSWffilO. 7j< 

y 7i 1 1 , mmmm 1 3 , &zm»m u^c 

©«r»j«Sti % J/ya 1 cD7*fi«9tt;ttMl«3 n 

X, 121 1 4 CD^fatr tJ v J/'J3 >S*g 1 ±K jR-T^dtHt 
<tH2. ■DIMBIUI6. TBMM8, SH«9 ( ± 

spusio. *K^yrKii. **^'J7Bi2, m 
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<D 5 -fcOTSMMS 8 , gfffiSi 9 , ±UMfa 10, S 

ex*** y 7H 1 1 iis^r*** y 71 1 2 j&irc* 

[0 00 7] 

[»»MIRfcl,J:9±T6IHI] ±S6Ufcffi*Q-W«: 

W^afvW* 1 9 9 5^3 ^-^3 1 M^^ttX^ 
£<fc5Cc, ^*y(DW*a^fc{c#or-feJl/ffiffi«jfe!> 
U 2 5 6^' • fcT* YlU±<Dl%mms*:V<D*>J\'Wm 

Tkms < y 7 Jjicoffii -fe jbffifB jmt cc u a w n tf a h 
*\ «*r^^€>©**©itAtc»or+»^J5ft*3&s|#6 

tlftC»d:l> ^MH*«*Sffc, K«UB<D±g|Ste**;< y 7 

20 <ftotl*5«!:l»5HB3&J*5 < 

[ 0 0 0 8 ] X, «*©f6Wc«S^»tt»[IB<3[>«JS"C 

icm&m&fa$im<Dffi&-ci l tm*±mics i 3 n« k£ 

RttrosfcabKA l iBi»6WgJsJEacc**7--^tc<fc 

r>X (MOS h^>^^^C0) fl#ttfg«3&ij»tf 
l^WB***5. H#Cc % Si, N, BtteJ:£**r~ 
-^^<D*S#5i, m%.\* 1 9 8 3$7*D^^>^ 

^ K >> W U — 7^Jl/AX9 4—l 

30 101 (PROCEEDINGS OF THE SY 
MPOSIUMN ON SILICON N I TR I 
DE THIN INSULATING FILMS) 

[0 00 9 ] W k C CD<t 5 ft wwfcs*»»-r^ < 
ft^n/c^cD-c, -e<z>fiS5ffi»ja«, 7K«7^-;wc<fc 
*r>xm±muzmtf-r. E.^mTt^nm^^^^mm, 

40 [0010] 

7MR^y7BLb«cT»*«. ^gJ^®. ±SP^g. R 

c^i 2 o*3R^< y u r ^- ^ > y-r ^xe 

y 7K*»j« L-csaswa^f ccjbjsrs txfcu^3 o 

7K«y<y7ia%»*TSIS<b % ±Si3mS±^3(3!)7j< 
[0 0 1 1 ] *»?8tcj:n« % »1 7 
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Xfii, tfLtct><D<D±W 

^mmi±(om 3 ©7k*^ y r m^Bj&Lxmm.smm 
ecj^flES 3 'j 7H£i&3rf £x*i<h . 

[0 0 12] 

[0 0 13] [|US«1] 

H 1 tt, *AH®9ttMfV 1 «:«4^fl«B©«Jfi*tt 
TSWM8. §»fiil9, ±«MW10. 7j<fA'J7 

si i, **^»j7ii2, «N«&«fcRi3. Rtmzm 
m 1 4 a* c ©jBrjBjR 3 *i , rumm s , ^mmmm 
(mm#m) 9, acf±»ts«i o*>6fiS-ss«»3W* 20 
*^';rBi7. ii, 1 2ccj:t)^ccst>nsift 
tc 5/y3>»«i<D^««ja:tt««3iaoy--hKft 

*eiJ©^*»^yr«7. ll. 1 2fc«fc93E±K:ffl 

[0014)12 (a) - (h) tt. C<D¥&#%m<D 30 
SBS^ffi £ KfiXSflJ ictjk 0 fcffi'Jffi WrffiB T*£><5«, 
[0 0 15] 5fe*T02 (a) CCtjtTJ: 5(t, IS©CM 

o s y'u^^c <fc o ~> y 3 >sts l (D^#B«gK;»ffl« 3 

X^SRS:fg»L/ca, BPSGBtC<t-5»l<DJiWJ»« 
XFP-A«±-2 0 0 0t>^Fn-AHT (09*. 
^*T€> B 7K3R^yTH7<bUr». Si, N« JH£« 40 

jwpJI oot>^ hn-A*jS*r«^yriUTCDtt 
^si, n 4 nors*tCcfc*3->y 3>s«kcs^4 

[00 16] m2 (b) K7jrr<fc^c % «JtMij 

71 7 ±fcT»WI8 . S«*&iKiR 9 . ±»wm 1 0 , 

^'yrK7Ra f T^ffi8r^ccs i o, ^commmzm so 
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JiKOTfc&lA, NSGJBfc<fc*R/*2 0 0#> 

hP-Aoffi#H47k*^yTiB7±«:^fiS;L//c:» 

£\ COJ:CCM/15 0 0^>^^ hD-A(DT i fflS^ 
R/S2 0 00t>^x hP-A(DPtH*>6fifc*T8l« 
tt8**^**y > Office cfcD^O, HKc<D±&c# 
KSttimfttUrS r B i 2 Ta 2 0 9 J§ttJ;£Syi2 

ooo^>^xfd- ACDSsttaa 9 * voi/ • 

CcJrOJfJ^Lr^e. CO±«ciBJ»2 0 0 o*>y* b 
d-aop t»K<fc&J:6|5«g 1 0, R?>'T 1 NJitcJ: 
£Jgi/?5 00t>^ hD-AOf2©*3R;i'J7Rl 

[0 0 17] HfC, 02(c) CC^Tcfc^CC, **rcy 
Till, JbSPttSl 0, RCf8»«l9«x^> 

^yr«i 1 «2S«tt"c*^^s^*^fc8&. TiN, 

hP-AJ«±<fcT*. CCW «it«T i Nfc«fc5* 
JR^yrRll. P t JB«cJ:-5-hSP«ffil 0, Pb (Z 

r, T i ) Oj Mx-;f>^U MOCP ti^'T i 
etc ££T8BS«8 £^ » ^> ^CC<£ 9«]X*r&J^££ 

[0018] 5[#3R#, 12 (d) CC^T^^OC. SfT3 
y 71 1 2 «r±i±ItC»«lfc», h7>^ 
-X ^±SP<07jc3R/< y 71 7 Xtf *Str< 'J7H124X? 
^>^tcJ:Dm0^l^TS2 (e) (C7nSti^J:5tttt 

sstc -r a. cc-ctt, «iL»aR»5o o*>y^ hP- 
Aos iji N, K«:J:S*3R/'cyT«l 2 

<fcf3»RSL/c», Ctl60*3R/<yTli7. 1 2 
[0 0 1 9] (St. rjRl 2t**^'J7i7i 

prices i 3 n 4 m*m\<>xmcmmtcT2>&, cvd 

X, TKSR^yrJBl 2<Dii^ Si, N, RO'S iO, 
m (W%s S i ON*\ KCHiS i , N 4 . S i ON. 

ms i o z %m&Ltci><Dfrt>mtttitc-m) %mi> 

[0 02 0] COg, 02(f) tC7^TJ:5K:CVD?i 

j: o s i o 2 mom 2 ojiiflifeiRin 1 3 zmtit bit 

a. 122 <*) tc*"TJ:^tc=i>^^ 

*»JWCCH2 (h) (C7S"S-J:^(cW|B!*CVDffi*c 

^ttft^ EWI14±(cfi9IM«^xd( a r«. 

[ 0 0 2 1 ] ■ 3 mi ccjftr*aw*«!i*Kji5bfc 
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* h*-jv*x 5 r?->dfLr3fea«:»2©7k*^ , ;r« 1 

1*»*U -e<DatcS«SB«^©»2©*3R^yTJBI 
C<h#T£* 0 

[ 0 0 2 2 ] SI <03B»T«» 2 U TIB 1 1 * 

*JR^UT«1 l#BMbL"C»»l,TL* 10 

C»3W, c©JB«"Ctt»2©7K*^';T«l l^SSifel 
■*K»*Lfcl»fc», s«raxa«:B«T--^«*tf 

[ 0 0 2 3 ] H4». mi tC7S-r*a»*»a*K»L/c 

^ntsattt, «»xa«ci«uTiai*c*-rfe<D£j± 

1*»J5*U *©«K:«««Stj1-©cn6<0*JR^yT 20 
Rl 1. 12?riit^)S<!:^^ri^ 0 Z<D£*>tiL 

[ 0 0 2 4 ] 0 5 » % SI fc*T¥SHTO«*9E*Lfc 

T3ill9(Dx^>W^l <D**'<yTR7 

««C«»*S-5 C i So 30 

[ 0 0 2 5 ] S 6 ti, SI «c5%r*«»«HCD*JRTx 

-^imftKtowssRji&Mrtot^^yi/^ft* lam 
t/ic/cm' ) *c»t*«be (v) ] omimm&7fk 

[0 0 2 6] S7te, HHC7Rt**#8« (nMOS 
RtfpMOS h7>^*<b0fc«^) ®*SS7--^ 

£ 0 COT taSttJI!ft>6il. *3R7--^«OVtO 
tf 6^£#^ICCM^UTI>£ C 40 
[0 0 2 7 ] [9GKH2] 

H8B. *wno^mM2 icfaz^mw&mvm&xte 
tcjR^»jsm^tR2. 77^1 5««-rs«niuiR 

6, *3R^UTR7. *Jft'<y7Rl 1. tsrhss. 
SS*fe^M9, *»aijtR1 2. ZH/EttHl 4**C 
©JB"C*flE3n, T8MW8. RO'SfilB (RStt 
R) 9*&flfc4SWfeW**><y7R7. 11. 12&t 
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»««3B©y- hWbR4±tcy- i-sesjw&as 

*VCl>£ 0 CCTW. ^CTl CDii^ii:t-<rSM§l50 
T9KBS8 ^ 1 5 *aLTSiR h 5 >i>* 

g|»**JR>i TM7 , 11, 1 2 6C J: SSE^cHtaft, 

floSB»«^r7K«^yTRtK0lfcc>rc>*jfiB* 

'<yTR7. ii, i 2^ain^^ a*auytt 
07jc*^ y rl^ii ^ tin ^ as»3&5 e> 7k^£ j£ 

»r*£/c«> % *STx-;WcJ:SMOSOl*tttt««: 

[0 0281 B9 (a)^(i)tt, C<D¥»*S!B© 
■Bfefcffi £ SBKEBS HSCfjk L /cffitJffiUfiffiS T & 4 . 
[0 02 9]$tri9 (a) K*T<fc5CCStflrtfll<D*» 

*iB«a*RrRio**/<yrR7*»j«u. mq 

(b) iCmTJ:^tcx^^>^^J:D^>^^ 
*j&SLfc«, M9 (c) K3ft-TJ:9R:#y5/y=i>* 
C V umc £ «3 :*t*i bfcfgfcx •> ^ * Lt77 ^ 1 

[0030]^C, S9 (d) tC^r<fc5«:»2(D7jc« 
^«7il lRaHFWM 8 *3R/tyrR 

1 1 cbLrtt3»«14r*-5^*s*S/c2<>, T i N. T 
aN9*lWfe©iU CCTfe+»«t^yTtttt% 
S*K:Rff*l 0 0t>^FP-A«±i«. cc 
Ttt, WA«BW5 0 0^>^FP-A©TaNRiC 
<fc**5K^yTRl lSCKRuBtcJ:STaJ®S8^^ 

[0 03 1 ] Etc, B 9 ( e ) (t€7jk-?<k *) iCT8Pm@8 
RO'*3R^'J7Rl 1 &*v*>t?LXlMXL~C&h* 
©±CCH9 ( f ) (c^TJ:5 5CSS*a«R9«:?Bfl6U. 
C<Dga*B»R9fcB9 (g) tc^rJ:^icx^^>^ 
ur»nx-rs c CCTIt m«TaNR«:J:S**^ 
yTRl lRtfRuJB«:<fc£TWtlffi8*:X9*>yi, 

(Ba. Sr) TiOa £C V D&lC £ «) gffl^il 9 

[0 0 3 2 ] 5I#3K*. S9 <h) (c^T J: 5Cc«*tt 
<D»3©*3R^yTRl 2&Bl&Ls C(D±CC^U-h 

«»Kj;aiBi»jii 4*«3n*. ccm 

T i NH^CJ: 4MJf 5 00t>y^h P-AOTKS^y 
781 1 tCVDffitCcfcOJKJffiL, ECC^U-UBJBi 
LrjHy^y=i>*cvDffi*cj:9»J3tUriB»Ri 4 

*»*»**«*"C*S. CCC*a^'J7ll2 
ttCVD JgfiJt-r 4 C t fc J: 0 i: 

i«s85Ci*Jr*. eetaai 4tt#yi/y3><D* 

ISttCS i H 4 ^Si+2H 2 *i45i£*«ffllJ h 

tirjgjctt#H«ittS3&« % T i NR«cJ:4*3R^yT 
Rl 2 iUTJMLt *4/ca?>. SBtfittR9(c^b 
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[0 0 3 3 ] £<D'&. (i) ICtSTJ: 5tcgfigp« 
WCD&mm 1 4 RO'tK^^ x ) 71 1 2 . 7 ^ ^> ^ 

«RJS 1 3&tfA lHtcJ:41sajl«:JBja;-r4. C<t>?£Cc 

[0 0 3 4 ] C<D*mWmS (nMOSSO'pMOS h 

?>i;x5±Ltcm£. ®mm&m9<D (Ba, s r > 

TiO, ©R«^«jft3 0 0T, h^>S?X£cDV t CD 
tf^t^nMOS, pMOS©f5Jtifel 0%WT"C* 

[ o o 3 5 ] la i o 08 dcfjk-r^mwmm^mi u 

<D*»fWt«rtt. *Jftis«:iBLrH8K:^-rfeo4 

CCW Xfl*^T* IIUSPOC 
[0 03 6 101 Hi. H8(c^r4£«f*ttKSBBL 

cert*. 01 o<Dm&±mmzmmttei,>x:&mmm 

[0 0 3 7] 

= h»*»«Djtt«c«ci. Etc. 7MR^»;71BW* 
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[BBQMrWttttqii] 

[0 1 ] *#fe?a(o^igff!| l K«5^tt«K©Sj§;fri£ 

[SI 2 ) (a)-(h)tt, HI 
3t*j£*ilJftXS80 &CtS t fcMflBKHH-C* 5. 
[03 } HI *c^-r^8»(*J6|B*^Lfc-»JBtc«4 

[04 ] 0 1 Kmr^mwrntzmiLtcmimitcfcz 

io * m L fcffijffi ffiSHt £> £ . 

[05 ] 0 1 ecS-r*»<*J6a*8BBLfejgj^iBfc« s 
X*«teJE /cffliJSBffl0 * -5 . 

[06 ] 0 i ^s^^#*a©*3RT--;i/HM«K*j 

[07] H 1 CCmr*3W*«K ( CD7k^ 
[0 8] ^QS^ttM2(cfl(S^fl«H(Z^HjB^£ 
[0 9] (a) — ( i ) tt, H 8 {C^-T^^igcoK 

[010] 08 «c*r^»»««*saBufc-«jBcc« 

[011] B8Cc^-r^fl«SjB*^ufc«»«fcff 

[012] 

L/cffJMKtBBT&£. 
30 [013] fi£*©fibWic^^^i*^©S^^^ 

[014] mtvswKtez^mimmoxttm&Tn 
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5 h mm 
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8 T^mg 

i o ±»m* 

14 B*M 

15 V 
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